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The power distribution for the LHC machine and its experiments will be realised making
extensive use of the existing infrastructure for the LEP. The overall power requirement is
approximately the same, about 125 MW.  The load distribution will however change. The
even points will loose in importance and the points 1 and 5 will, due to the installation of
ATLAS and CMS, gain. A thorough reorganisation of the 18 kV distribution will thus be
necessary. Due to the important cryogenic installations required for the LHC, the 3.3 kV
distribution system, supplying mainly cryogenic compressors, will be extended with a
number of new substations. The important number of new surface buildings, underground
caverns and other underground structures all will receive general service installations:
Lighting and power. The new injection tunnels will require complete installations: A.C.
supplies for the power converters and for general service, and D.C. cabling for the
magnets of the beam line. Special safe power installations are required for both certain
machine systems and for the experiments. The D.C. cabling of the machine will require a
new approach to water cooled cable installations.
21. INTRODUCTION
The power distribution for the LHC machine and its experiments will make
extensive use of the existing LEP electrical infrastructure. However, the power network
will have to be extended for the needs of ATLAS and CMS. The two large experiments
form load centres in access points 1 and 5 of LHC, for which the existing electrical
infrastructure is totally insufficient.
The overall power requirement will be approximately the same, about 125 MW in
steady state operation, but the load distribution will change. The load of the even points
will be reduced, and the load of the two new experimental areas in points 1 and 5 will be
added to the power distribution network. The installations of the beam transfer tunnels
from the SPS to the LHC will require additional installations in two of the SPS access
buildings, BA 4 and BA 7.
The existing 66 kV energy transport cable links from Prevessin to the even points
of LEP will be the backbone of the LHC power distribution, too. A link to access point 1
has been added during the winter 1998 – 1999. The aim of this project was to create a
direct high power link between the two main sites of the laboratory, and integrate the
ATLAS experimental zone in the network at the same level, as was the case for the LEP
experiments.
2. THE ENERGY SUPPLIES FOR THE LHC AND ITS EXPERIMENTS.
The main energy in-feed for the LHC will be the 400 kV line from the Electricite de
France (EDF) substation Bois Toillot, opposite the CERN Prevessin site. The Bois Toillot
substation is linked to the EDF 400 kV grid via an overhead line to Genissiat, and to the
Swiss grid via a 400 kV overhead line to the Energie Ouest Suisse (EOS) substation
Verbois. It will be further interconnected to the Swiss grid via the Chamosson substation,
providing a path to the Northern Swiss and German power grids.
On the CERN site, the LHC will be fed from two 400 kV/66 kV transformers, each
with 110 MVA rated power, i. e. in total 220 MVA available.
The 66 kV energy transport system is equipped with seven 66 kV/18 kV
transformers, two with a rated power of 70 MVA each, and five 66 kV/18 kV with a
power rating of 38 MVA each. The total power rating at this level being 330 MVA.
The apparent excess capacity on the 66 kV level is due to the fact, that the
installations requested for the LEP in points 2, 6 and 8 were higher than will be the case
for LHC.
The foreseen power consumption for the LHC is indicated in table 1:
3Table 1
Estimated LHC active power consumption. All values in MW











1 1.8/1.9 3.4 10 2
1.8 5.7
2 3.7/8.4 5.1 3.0 5 2
3 2.3/2.4 0.5 .5
4 2.8/7.5 9.3 2.4 10.8 2
5 1.9/2.0 3.4 8 .5
6 4.5/9.2 9.3 2.4 2
7 1.4/1.5 0.5 .5
8 3.6/8.3 10.1 2.9 2
Totals 22/41.2 39.5 18.5 23 10.8 11.5
#) Steady state / Peak power consumption
*) Values in MW, consumed .
**) Assuming a power factor of 0.85, summer consumption, data from June 1995.
The grand total amounts to 122 MW with the power converters in steady state
mode, 141 MW taking into account converter peak power.
3 THE HIGH VOLTAGE SYSTEMS
The term “high voltage installations” covers the 66 kV, the 18 kV and the 3.3 kV
voltage system. The high voltage installations also comprise the 18 kV filters and
compensators.
The 66 kV system is considered an energy transport system, supplying the major
LHC load centres with a source of high reliability and a high short circuit power, i. e. a
stable voltage, insensitive to load variations. LHC will have a 66 kV substation in each of
the even access points as well as the new station in access point 1
The 18 kV system is the zone distribution voltage, feeding the individual power
transformers and certain large power converters within an LHC access zone. The
exceptions are the 18 kV cable link from point 6 to point 5, the existing 18 kV Meyrin –
Prevessin links and the LEP general service loop.
The latter follows the LEP tunnel over its entire circumference. The LEP general
service loop was designed to feed services and assured parts of the power network, and
can be re-supplied in several possible back up configurations in case of an emergency.
The loop will conserve its role for the LHC
Each access zone has its own 18 kV substation, consisting of one or more 18 kV
switchboards.
4The 3.3 kV system is installed to feed compressor motors for cryogenics and chilled
water production. The starting currents of these motors, with a rated power of several
hundred kW, would cause disturbances if they were connected to the low voltage
network. The 3.3 kV substations consist of two switchboards; one supplied from the
machine network, i. e. with the 66 kV system as source, and one with the LHC general
service loop as source. The latter switchboard will have reduced power available, but
gives the system a two-source in-feed. The two switchboards are coupled via a bus-tie.
This principle will give increased availability to critical compressor units.
4 EXTENSIONS TO THE HIGH VOLTAGE SYSTEMS FOR THE LHC
PROJECT
4.1 Extension to the 66 kV system
As mentioned in the introduction, a 66 kV cable link has been created, linking
access point 1 to the 66 kV energy transport system. As it is already the case in the even
points, the link terminates in a 66 kV / 18 kV substation. These substations will be the
main distribution points in the LHC.
Figure 1 shows the single line diagram of the finished 66 kV /18 kV substation. The
substation will be equipped with a 66 kV/ 18 kV transformer, identical to the one
supplying the main general service substation in Prevessin. The substation has been
designed to allow a separation between LHC and ATLAS on one side, and other systems
on the other. This way possible residual distortions arising in other parts of the network
can be kept away from the LHC, should they pose a threat to the required precision level.
Figure 1
54.2 Extensions to the 18 kV system
Extension and reorganisation of the 18 kV substation SE 1, to meet the need for a
much higher load, distributed by an increased number of feeders. The first phase will be
ready in 1999; the second phase, with the individual feeders, can only be made after the
final shut down of LEP.
Access point 5 will not be linked to the 66 kV system. In spite of the fact, that the
CMS experiment will be installed in point 5, the power requirements are limited to a
level, that can reasonably be supplied via an 18 kV cable link from the 66kV/18 kV
substation in point 6.
The extension of point 5 will however require an 18 kV substation similar to those
in the even points of LEP. The extended substation will be installed in the SR building, to
be liberated by the power converters at the end of LEP operation. The existing SE
building will be used as SES, i. e. safe room for the substation. Figure 2 shows the single
line diagram of the projected 18 kV substation of LHC point 5.
Figure 2
In view of the increasing importance of the zone 1.8, the 18 kV substation there will
have to be renovated and upgraded. For this purpose the appendix to the SM 18 hall,
presently leading to the SD 18 will be recuperated.
Access points 3 and 7 will remain of minor importance seen from a power
distribution point of view. Their needs will be covered via the 18 kV general service loop,
following the LHC machine along the whole of its circumference.
64.3 Extensions to the 3.3 kV system
New 3.3 kV substations will be installed for the experimental cryogenic
installations and for the machine cryogenic installations. The new substations will be
installed in the following buildings:
- For the machine cryogenics: SHM 18, SHM 4, SHM 6 and SHM 8.
- The cryogenic installations for the experiments ATLAS and CMS will require
a 3.3 kV installation in the SH 1 and SH 5 buildings.
Figure 3 and figure 4 show the single line diagram and the 3-D layout of the 3.3 kV
substation foreseen for the SH 1 building.
Figure 3
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Equally the compressors for the chilled water production for the new experiments
will be supplied from the 3.3 kV system. These compressors will be situated in the SUX 1
and SUX 5 buildings. They will be fed from the substations in the SH buildings. This
way only one 3.3 kV substation, in stead of two, will be required in each of the access
points 1 and 5.
4.4 Extensions to the high voltage systems for the beam transfer tunnels
The power distribution system for the two beam transfer tunnels requires
considerable new installations. The power requirements are listed below.
Power
requirements,
TI 2 TI 8
r. m. s. 3.5 MW 10.7 MW
peak 6.1 MW 18.8 MW
Most of the large power supplies for the beam transfer tunnels will be working in
pulsed mode. To keep this possible source of mains disturbance away from the LHC, the
major part of the electrical installations for the beam transfer tunnels will be extensions to
the SPS network in BA 4 and BA 7. Only the power converters operating in D.C. mode
will be installed in the rectifier buildings SR 8 and SR 2 of LHC.
8Both in BA 4 and in BA 7 a new 18 kV switchboard will be installed. The
installation in BA 4 will be connected to the BE substation via a dedicated 18 kV cable
link. This is necessary to distribute the reactive power load on the two large saturated
reactor compensators: Main and North.
The transformers for the converters will be placed outside the buildings in new
transformer pits. Cable galleries leading to the converter installations in the buildings are
foreseen.
4.5 LEP high voltage filters and compensators.
The operating parameters of the LHC have as a consequence, that LHC does not
require dynamic reactive power compensation to the same extent as the LEP. The RF
installations and the high power magnet systems of the LEP will disappear. Only in point
4 will a reduced RF installation remain.
The existing high voltage filters in LEP will be left to obtain a sufficiently high
quality of the mains. The filters and compensators however form a complete installation,
and leaving the filters without the compensators to balance the capacitive voltage rise is
not considered a good solution. In order not to incur any cost by unnecessary changes,
these installations will be left in place.
4.6 SPS high voltage systems
The SPS will operate at beam energy of 450 GeV for the LHC. Operating at
450 GeV means that both the SPS Principal Compensator and the North Area
Compensator, as well as the 90 MVA transformers supplying the SPS and the North
Area, must be fully operational. To assure the good functioning of these installations in
the future it will be necessary to renovate them in the coming years.
Before it is possible to take one of the compensators out of service for renovation, it
is necessary to install a third unit that can replace each of the two others successively
during their outage. The renovation will last 8 to 12 months per unit. A project to install a
third compensator exists, and will be realised in 1999 and 2000. The renovation of the old
units will follow immediately after, provided resources are made available. In the best
case, the complete project will be terminated around 2002 – 2003, well before the start of
LHC.
In the future, the main Prevessin substation will thus posses three 400 kV / 18 kV
supply groups, each comprising a 90 MVA, 400 kV / 18 kV transformer, a compensator
and a high voltage harmonics filter. Two of these will suffice for SPS and LHC, the third
will be stand by. Test will be performed to analyse, whether the third unit can also be
stand by for the aging rotating compensator in the PS.
To make these supply groups long term reliable, it will be necessary also to
renovate the 90 MVA power  transformers, in service since about 25 years. CERN
already has a third transformer, the former general service unit, replaced as such by the
new substation BE9 in 1997. The transformer renovation as thus not depending on
purchase of a new unit.
95 THE LOW VOLTAGE POWER DISTRIBUTION SYSTEM.
The low voltage distribution  (230 V/ 400 V) is the power network interface to the
vast majority of the users. The general service installations in the existing buildings will
be left untouched to the extent possible.
The main components of the low voltage power distribution are 18 kV/400 V oil
immersed or cast resin insulated transformers feeding 230 V/400 V distribution
switchboards.
The transformers have a maximum power rating of 2000 kVA. The maximum
permissible short circuit current of the primary switchboards was selected to 50 kA,
which determines the combination of transformer power limit and short circuit
impedance. Extending the short circuit current range would mean added cost, and the
selected range has proven well adapted to CERN’s needs.
The switchboards are metal clad, compartmented, and have a high degree of build
in safety against electrical hazards to the users. The switchboards are equipped with
withdraw-able feeders, allowing easy re-organisation of the distribution, as well as short
downtime in case of equipment fault.
6 EXTENSIONS TO THE LOW VOLTAGE POWER DISTRIBUTION
SYSTEM FOR THE LHC PROJECT
6.1 General
The new surface buildings, as well as the new underground structures, will require
complete new low voltage installations. For general service as well as for dedicated
supplies.
The standard power ratings of the transformers for low voltage distribution will also
for LHC be 800 kVA, 1250 kVA and 2000 kVA The actual rating of each transformer
will be adapted to the estimated load, based on user’s requests. The system will however
be designed to have a certain margin.
All the equipment will be designed for use both in surface buildings and
underground structures; i. e. respecting the strictest safety rules with respect to non
inflammability, smoke development, opacity of smoke and toxicity and gases.
6.2 General service supplies
The general service supplies will be feeding lighting systems, cranes, socket outlets
and other general non-critical supplies. All general service supplies will be equipped with
30 mA differential protection
For the new surface buildings, there will be a general service supply centre per
group of buildings, consisting of a transformer and a main distribution switchboard. The
individual buildings will be equipped with one or more secondary distribution
switchboards, according to the installations to be supplied.
In the underground the existing supply centres in the US caverns will be
maintained. New ones are foreseen for the USA 15 and USC 55 service caverns.
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6.3 Dedicated low voltage supplies
Dedicated supplies will be installed for cooling and ventilation, cryogenics, gas
systems, the electronics racks and the detectors, i. e. the experiments.
The load of certain systems contains a high percentage of switch mode power
supplies. Depending on the design of this equipment, the power distribution can be
loaded with a strong 3rd harmonic component. Special precautions must be taken to design
the neutral of the power distribution in accordance. The switchboards of these systems
will typically have to be designed to satisfy a high degree of remote operation
requirements.
The dedicated supply centres on the surface will have their transformers situated
right outside the buildings, housing the installations to be supplied. The switchboards will
be placed in the buildings. The transformer and the switchboard shall be placed as close
to eachother, and as close to the load as possible, in order to reduce installation costs.
As an example, for the experiment ATLAS presently 2 systems are foreseen:
- Cooling and ventilation, SUX
- Cooling towers, SF.
The dedicated supply centres in the underground are situated in the USA cavern.
Presently 5 are foreseen:
- Cooling and ventilation
- Experimental cryogenics
- Power converters for the experiment
- Electronics racks for the experiment ( 2 systems )
The three former ones are situated at the USA cavern, at the end furthest away from
the UX 15 cavern. The two systems for the electronics racks are foreseen immediately
outside the separation to the space reserved for the racks.
All these systems will have the necessary secondary distribution equipment. For
example, the distribution for the electronics racks, downstream of the switchboards, will
be realised using NORMABARRE rails, or similar.
The requirements, and solutions proposed, for CMS will be similar.
7 SAFE POWER
7.1 Available safe power systems
Certain systems require a power supply with an increased availability, i. e. they are
sensitive to – and must be protected from - mains faults. Several levels of increased
availability exist, with characteristics identical to the power distribution in LEP.
Already the fact that CERN will be fed from a meshed 400 kV supply in the future,
and no longer from an antenna, will reduce the exposure to mains faults. Up to a limit of
70 MVA, there are three 400 kV sources available: Genissiat, Verbois and Romanel.
In case of a total 400 kV mains absence, or a major breakdown in the CERN 400
kV switchyard or of the interconnection to Bois Tollot, the 130 kV line from Verbois will
still be available as a back up with a rated power of 60 MVA.
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Beyond these possibilities made available by CERN’s energy suppliers, CERN’s
own power distribution system provides several levels of emergency back up supplies:
The first level is assured power: The normal power supply backed up by a diesel
generator set. In case of a mains fault, this supply will see a power cut of 10 to 30
seconds: The time the generator set needs to become operational.  The assured power is
also cut on emergency stop action.
The next level is secured power. The technical solution is as for assured power,
apart from the fact, that secured power is not tripped on emergency stop.
The distribution equipment of these systems, switchboards etc., is identical to that
used for the normal low voltage supply. Only the switchboards of the secured system are
of a bright orange colour to alert to the fact, that they are still under voltage, following an
emergency stop.
The total power available on these systems for the ATLAS experiment will be of
the order of 1 MVA. The diesel generator sets that will be used for ATLAS are those of
the Meyrin site. The installation counts three sets, one of them redundant. For the CMS
experiment in access point 5 a new diesel generator set, with ratings similar to those of
the other even access points, will be installed. The existing diesel generator sets in the
other access points will remain for LHC.
In order to avoid any power cut, very critical systems may be supplied by un-
interruptible power supply (UPS) systems. These will be static systems, using power
electronics and battery back up. Their use will typically be that of bridging the starting of
the diesel generating sets. This way the battery autonomy of the UPS can be reduced to 5
to 10 minutes, in stead of 1 hour or more, with a considerable reduction of cost. Presently
the demand for such supplies for ATLAS amounts to between 150 and 200 kVA. Detailed
studies will show how the UPS supply shall be structured.
Figure 5 shows a diagram of a possible UPS configuration, that includes the




7.2 Systems requiring safe power supplies
The LHC and its experiments are subject to the French INB regulation. This has an
impact on the electrical distribution. Safety specifications for a number of systems must
be respected. The main consequence of the requirements is that it must be possible to feed
these systems from more than one source. The systems listed in the following thus all
have, beyond the possibilities given by network re-configuration, a back up feed from a
diesel generator set:
- Safety lighting, anti panic lighting
- Systems  for monitoring and protection of electrical substations
- Pressurisation units for the shaft ventilation
- Telecommunications and computer monitoring units
- The access control system
- Radiation monitoring system
- Fire detection systems
- Experimental safety systems
- Ventilation systems for the underground areas
- The smoke extraction system
- Pumps.
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Certain systems are so crucial that they must be supplied from a system totally
decoupled from the mains. In the CERN power distribution, such systems are supplied
from 48 V DC distribution systems with battery autonomy of minimum 2 hours. These
systems are:
- Telecommunication systems
- Systems  for monitoring and protection of electrical substations
- Anti panic lighting, supplied from the 48 v system via 48V DC/230 V AC
inverters
- Fire detection  and alarm display systems
- The access control system
5 MONITORING
The electrical service is presently preparing the installation of an Electric Network
Supervisor (ENS). This system is an industrial product, using generally available
communication, and with access via ethernet. It will be possible to view the network
everywhere, and network control privileges may be given to users. Obviously limited to
installations relative to their use, and protected by passwords.
6 LIGHTING
The lighting of the underground structures will be realised according to the same
rules that were used for LEP:
- A normal /safe lighting system, that will operate at rated intensity (100 %)
when fed by the mains, and reduced to 25 % of rated intensity when supplied
from the diesel generator sets.
- An anti panic lighting system in the underground areas, where an important
number of people are to be expected. This system is supplied by the safe
power supply system, and is not tripped on emergency stop. The safety
lighting system is fed via isolation transformers. The cables used for it are fire
resistant and will be operational after 2 hours exposure to fire. Each
underground structure will be equipped with two independent circuits.
The lighting of the surface buildings will also follow the principles laid down for
LEP.
Due to the size of the new experimental caverns and of the SX buildings, special
lighting studies will be made for these structures.
For all lighting systems the users’ wishes will be taken into account to he widest
extent possible.
7 EMERGENCY STOP SYSTEM
The existing LEP emergency stop system will be extended to cover the new
buildings and structures for LHC. The emergency stop system follows CERN safety
instruction no 5. The basic rule being, that upon emergency stop action in an emergency
stop zone, all sources arriving at that zone, with a voltage higher than 50 V, apart from
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secured power, will be cut. The individual emergency stop zones normally are identical to
buildings, caverns, or large rooms.
The 18 kV general service loop is not tripped on emergency stop in the
underground areas, that it passes through. This derogation was requested, as the loop is
part of the emergency resupply.
8 EARTHING
All new buildings will be equipped with a foundation earthing loop, that will
connected to the existing reference earthing in point 1. All metallic structural parts will
connected to this reference-earthing grid. The ground will be brought to the underground
structures by 120 mm2 bare copper links. The interconnections will assure that the
impedance everywhere is sufficiently low to avoid hazardous voltage due to an electrical
fault.
9 DC CABLING
The use of superconducting magnets for the LHC means, that the majority of the
magnet circuits are low voltage high current DC links. Most of the circuits have rated
currents in the range from 6 kA to 13 kA. The power converters for the superconducting
magnets are all installed underground. In the even points in the UA galleries; in the odd
points in new purpose built caverns. It is important to keep the distance from converters
to magnets short in order to avoid the cost of the DC cable links to grow beyond reason.
Even the shortest possible cable links will cause a certain amount of loss energy to
be dissipated. The ventilation systems of the UA galleries and elsewhere in the LHC
machine tunnel do not permit this energy to be dissipated to the air. It is thus necessary to
use water cooled DC cables. The use of water cooling combined with a layout using short
cable lengths, allows a fair current density, around 6 A/mm2. This way a 13 kA link can
be realised using a cross section of about 2500 mm2 copper. Several of these current links
can be grouped together in a fairly compact cable system, f. ex. suspended from the
ceiling in the UA galleries.
Whenever the links are straight they will consist of copper tubes, far cheaper than
flexible cables. In places where the installation conditions do not allow rigid tubes,
flexible cables will be used.
Figure 6 shows a typical layout of a UA DC cabling installation.
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Figure 6
All material foreseen for these installations are available on the market as part of
existing industrial equipment.
10 GENERAL REMARK ON EQUIPMENT USED IN THE INSTALLATIONS
All equipment has been selected to assure a high degree of availability and safety of
the installations. Extensive use of LEP design and operational experience has been made,
and practically all types of equipment have a service record at CERN.
All isolation material respects the safety instructions SI 23, SI 24 and, where
applicable, SI 41. Equipment for particular installations, like safety lighting that must
operate under fire, are specified to IEC norms for such operation
